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1. EXECUTIVE SUMMARY 

The U.S. National Science Foundation (NSF) owned research vessel (R/V) Marcus G. Langseth 
(Langseth), operating under an existing cooperative agreement by Columbia Universityôs Lamont-Doherty 
Earth Observatory (L-DEO), conducted two 2-D (two-dimensional) surveys in the North Pacific Ocean 
along the Hawaiian-Emperor Seamount Chain. The operational activities were conducted for research 
surveys proposed by Principal Investigators (PIs) Drs. D. Shillington (L-DEO), T. Watts (Oxford University, 
L-DEO), and R. Dunn, G. Ito, and P. Wessel (University of Hawaii). In addition, although not funded by 
NSF, Dr. I. Grevenmeyer (GEOMAR) provided assistance with logistical support and data acquisition and 
exchange, and Drs. U. Brink and N. Miller (USGS) participated in planning, acquiring and analyzing data, 
and using the results to inform hazards for Hawaii.   

The first survey of the program was conducted around the Main Hawaiian Islands from 11 September 
2018 to 21 October 2018. The second survey was conducted over the Emperor Seamount Chain from 01 
to 26 May 2019.  

The purpose of the surveys was to collect seismic reflection and refraction data to gain fundamental 
insight into the formation of the Hawaiian-Emperor Seamount chain, and to contribute to a more 
comprehensive assessment of geohazards for the Hawaiian Islands region that could be used to evaluate 
earthquake, tsunami and submarine landslides hazards.  

This report serves to comply with the reporting obligations for the survey required pursuant to the Marine 
Mammal Protection Act (MMPA) and Endangered Species Act (ESA). On 15 March 2018, L-DEO 
submitted an application to the National Marine Fisheries Service (NMFS) for an Incidental Harassment 
Authorization (IHA) that would allow for the potential harassment of small numbers of marine mammals 
incidental to the seismic surveys. On 24 August 2018, NMFS issued an IHA, an Incidental Take 
Statement (ITS), and a Biological Opinion (BO). An Environmental Assessment (EA) and a Finding of No 
Significant Impact (FONSI) were also issued for the project. In addition, the U.S. Fish and Wildlife Service 
(USFWS) issued a Letter of concurrence (LOC) on 13 July 2018 that the proposed seismic surveys ñmay 
affectò, but were not likely to ñadversely affectò, the endangered short-tailed albatross (Phoebastria 
albatrus), Hawaiian petrel (Pterodroma sandwichensis), band-rumped storm petrel ï Hawaiian Distinct 
Population Segment (DPS) (Oceanodroma castro), and the threatened Newellôs shearwater (Puffinus 
auricularis newelli). Mitigation measures were implemented to minimize potential impacts to marine 
mammals and endangered or threatened sea turtles and sea birds during the survey program. These 
measures included, but were not limited to, the use of NMFS approved Protected Species Observers 
(PSOs) for both visual and acoustic monitoring, the establishment of a 1,000 meter buffer zone from any 
source element (where operators would be alerted to the presence of the animal(s)), a 500 meter 
exclusion zone from any source element (where the source would be powered-down or shut-down 
depending on the species present), a 100 meter exclusion zone from a single operating source element 
(where the source would be shut-down), and the implementation of ramp-up procedures.  

Continuous protected species observation coverage during the survey was provided by RPS, the 
environmental consulting company contracted by L-DEO for the project. Pursuant to the contract, PSOs 
monitored and reported on the presence and behavior of protected species and directed the 
implementation of the mitigation measures as described in the NSF Environmental Analysis (EA) and 
FONSI (prepared pursuant to the National Environmental Policy Act (NEPA) and Executive Order 12114, 
Environmental Effects Abroad of Major Federal Actions (E.O. 12114)), and the IHA and ITS issued by 
NMFS. Additionally, PSO activities were consistent with the PSO standards identified in the Programmatic 
Environmental Impact Statement (EIS)/Overseas Environmental Impact Statement (OEIS) for Marine 
Seismic Research funded by the NSF or Conducted by the U.S. Geological Survey and Record of 
Decision (referred to herein as the PEIS), to which the NSF EA tiered. Five PSOs, one of which was 
designated as the Lead PSO and one of which was designated as the Lead Passive Acoustic Monitoring 
(PAM) operator, were present on board the R/V Langseth throughout each of the two surveys of the 
program.  
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Over the course of the entire survey program, PSOs conducted visual monitoring for a total of 921 hours 
10 minutes and acoustic monitoring for a total of 796 hours 54 minutes. Visual and acoustic monitoring 
was conducted simultaneously for a total of 465 hours nine minutes. 

The acoustic source was active for a total of 771 hours 20 minutes throughout the entire survey program, 
which occurred during 49% (454 hours 16 minutes) of the total visual monitoring and during 96% (768 
hours 49 minutes) of the total acoustic monitoring.  

There were a total of 13 visual detections and no acoustic detections of protected species detections 
throughout the survey program. Visual detections included: eight detections of whales, four detections of 
dolphins, and one detection of pinnipeds. Visual detections of positively identified whales included: two 
detections of fin whales (Balaenoptera physalus) and one detection of sperm whales (Physeter 
macrocephalus). There were also three detections of unidentified baleen whales and two detections of 
unidentified whales. Visual detections of positively identified dolphins included: one detection of killer 
whales (Orcinus orca), one detection of short-finned pilot whales (Globicephala macrohynchus), and one 
detection of spinner dolphins (Stenella longirostris). There was also one detection of unidentified 
dolphins. Visual detections of positively identified pinnipeds included: one detection of a northern fur seal 
(Callorhinus ursinus).  

Protected species detections did not result in the implementation of any mitigation actions throughout the 
survey program.  

NMFS issued an IHA and ITS authorizing takes for marine mammals for each of the two surveys.  For the 
first Main Hawaiian Island survey, a total of 11,066 individual marine mammals from 28 species (including 
five whale species and one dolphin species listed as endangered species) were authorized for takes in 
the IHA and ITS. Of this total, 11,043 individuals from all 28 species were authorized for Level B takes, 
and 23 individuals from two species were authorized for Level A takes. Takes for endangered species 
totaled 205 individuals, all Level B, including five blue whales (Balaenoptera musculus), four fin whales 
(Balaenoptera physalus), two humpback whales (Megaptera novaengliae), 11 sei whales (Balaenoptera 
borealis), 123 sperm whales (Physeter macrocephalus), and 60 false killer whales (Pseudorca 
crassidens) from the Hawaiian Main Islands Insular population. Takes for endangered sea turtles totaled 
166 individuals, including seven green (Chelonia mydas), one hawksbill (Eretmochelys imbricate), 65 
leatherback (Dermochyls coriacea), 61 loggerhead (Caretta caretta), and 32 olive ridley (Lepidochelys 
olivacea). For the second Emperor Seamount Chain survey, a total of 11,090 individual marine mammals 
from 26 species (including seven whale species listed as endangered species) were authorized for takes 
in the IHA and ITS. Of this total, 11,024 individuals from all 26 species were authorized for Level B takes, 
and 66 individuals from four species were authorized for Level A takes. Takes for endangered species 
totaled 139 individuals, including two Level A takes for humpback whales and three Level A takes for sei 
whales. The remaining Level B takes for endangered species included five blue whales, eight fin whales, 
two gray whales (Eschrichtius robustus), 16 humpback whales, two North Pacific right whales (Eubalaena 
japonica), 11 sei whales, and 90 sperm whales. No takes were issued for sea turtles for the Emperor 
Seamount Chain survey. 

During acoustic source operations, no protected marine mammals were observed within the predicted 
radius at which there is a potential for auditory injury (based upon each species hearing range and how 
that overlaps with the frequencies produced by the sound source), constituting potential Level A takes. A 
total of four protected marine mammals were observed within the predicted 160 decibel radius (where 
there is a potential for a behavioral response), constituting potential Level B takes. This total included 
three fin whales and one unidentified baleen whale. 

There were no sea turtles observed within the predicted 175 decibel radius (where there is a potential for 
a behavioral response), constituting a potential Level B take, and no sea turtles observed within the 
predicted 195 decibel radius (where there is a potential for auditory injury based on the species hearing 
range), constituting potential Level A takes. Mitigation measures for sea turtles included shutting down 
the acoustic source if the individual was observed approaching, entering or within the predicted 100 meter 
exclusion zone.   
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In addition to marine mammal protected species detections, there was one sighting of protected seabirds 
throughout the survey program. This total included one sighting of a juvenile short-tailed albatross. While 
the sighting occurred during active acoustic source operations, no mitigation actions were required. 
Mitigation measures for protected sea birds were only implemented if the birds were observed diving or 
foraging within the exclusion zones while the acoustic source was active. This included powering down 
the source within the 500 meter exclusion zone and shutting down the source within the 100 meter 
exclusion zone.  

A summary sheet of observation, detection, and operational totals for the survey program can be found in 
Appendix B.  
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2. INTRODUCTION 

The following report details protected species monitoring and mitigation as well as seismic survey 
operations undertaken for two marine geophysical surveys on board the R/V Langseth in the North Pacific 
Ocean around the Hawaiian-Emperor Seamount Chain from 11 September 2018 to 21 October 2018 
(Main Hawaiian Islands survey) and from 01 to 26 May 2019 (Emperor Seamount Chain survey). 
 
This document serves to meet the reporting requirements dictated in the IHA and ITS issued to L-DEO by 
NMFS on 24 August 2018. The IHA and ITS authorized ñtakesò of Level A and Level B harassment of 
specific marine mammals, incidental to the marine seismic survey. NMFS has stated that seismic source 
received sound levels equal to or greater than 160 dB re 1 µPa (root mean square (rms)) could potentially 
disturb marine mammals, temporarily disrupting behavior, such that they could be considered non-lethal 
ótakesô (Level B harassment). In July 2016, NMFS released new technical guidance for assessing the 
effects of anthropogenic sound on marine mammal hearing, which established new thresholds for 
potential permanent threshold shift (PTS) onset or Level A harassment (auditory injury) for marine 
mammal species. Predicted distances to Level A harassment vary based on marine mammal hearing 
groups ï low frequency cetaceans, mid frequency cetaceans, high frequency cetaceans, phocid 
pinnipeds and otariid pinnipeds ï and how each groupôs hearing range overlaps with the frequencies 
produced by the sound source. For sea turtles, per the ESA, NMFS has stated that received sound levels 
equal to or greater than 175 dB re 1 µPa (root mean square (rms)) represents the current best 
understanding of the threshold at which they could exhibit behavioral responses, and that received sound 
levels equal to or greater than 195 dB re 1 µPa (root mean square (rms)) represents the current best 
understanding of the threshold at which they could experience PTS.  
 
NMFS requires that provisions such as exclusion zones (EZ), delayed operations, ramp-ups, power-
downs and shut-downs be implemented to mitigate for potentially adverse effects of the acoustic source 
sounds on protected species. A 1,000 meter buffer zone, a 500 meter exclusion zone, and a 100 meter 
exclusion zone were established from any single element on the acoustic source array as areas where 
the presence of a marine mammal would trigger the implementation of a mitigation action. This included 
delayed operations for all three zones, a power-down or a shut-down of the acoustic source for the 500 
meter EZ (depending on the species ï see section 3.1) and a shut-down of the acoustic source for the 
100 meter EZ. The 500 meter EZ is intended to be precautionary as it encompasses the zones for most 
species within which auditory injury (Level A harassment) could occur on the basis of instantaneous 
exposure. It also provides additional protection from the potential for more severe behavioral reactions for 
marine mammals at relatively close range to the acoustic source, provides a consistent area for PSOs to 
conduct effective observational effort, and is a distance within which detection probabilities are 
reasonably high for most species under typical conditions. For sea turtles, the occurrence of an individual 
detected approaching, entering, or within the 100 meter EZ would trigger the implementation of a shut-
down of the acoustic source. For protected sea birds, the detection of one foraging or diving within the 
500 meter and 100 meter EZs would trigger a power-down and shut-down respectively.  
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2.1. PROJECT OVERVIEW AND LOCATION 

The survey program was comprised of two separate seismic surveys conducted in the North Pacific 
Ocean. The first survey was conducted around the Main Hawaiian Islands and the second survey was 
conducted over the Emperor Seamount Chain. The Hawaii-Emperor Seamount Chain is the most well-
known example of hotspot magmatism, where volcanoes form far from the boundaries between tectonic 
plates above hot regions in the underlying mantle. The data from the two seismic surveys was collected 
to address many remaining questions about the fundamental earth processes that create the volcanoes 
of the Hawaii-Emperor Seamount Chain and similar seamount chains around the world, and how the 
enormous mass of these volcanoes is supported by the rock material below them. The images of the 
magmatic crust created by the hotspot will give critical information about the crustôs volume, its 
composition, how it varies along the island chain, and how the tectonic plate deforms in response to the 
weight of the volcanoes. Seismic data will also image faults within the volcanic edifice and in the 
surrounding oceanic crust that can be used to evaluate earthquake, tsunami, and submarine landslide 
hazards.  
 
The Main Hawaii Island survey occurred within the U.S. Exclusive Economic Zone between approximately 
18 to 24 degrees North and approximately 153 to 160 degrees West, in waters depths ranging from 
approximately 700 meters to more than 5,000 meters. The survey consisted of ten survey lines, including 
two acquired with seismic refraction data utilizing ocean bottom seismometers (OBS), and eight acquired 
with seismic reflection data utilizing a high resolution multi-channel seismic (MCS) streamer (Figure 1). 
Two of the MCS lines were the same length and bearing of the two OBS lines but offset by 500 meters.  
 
The Emperor Seamount Chain Survey occurred within International Waters between approximately 43 to 
48 degrees North and approximately 166 to 173 degrees East, in water depths approximately 1,200 to 
more than 7,000 meters. The survey consisted of six survey lines, two of which were acquired with OBS 
seismic refraction data and four of which were acquired with MCS seismic reflection data (Figure 2). Two 
of the MCS lines were located at the same position as the two OBS lines. 
 
Throughout the survey program, a total of 5,474 kilometers of transect lines were surveyed, including 
3,397 kilometers during the Main Hawaiian Islands Survey and 2,077 kilometers during the Emperor 
Seamount Chain Survey.  
 
All seismic survey operations, including deployment and retrieval of the OBSs, were conducted solely by 
the R/V Marcus G. Langseth. The vessel is 72 meters (235 feet) in length and utilizes a particularly quiet 
propulsion system to avoid interference with the seismic signals. The Langsethôs cruising speed was 
approximately 10 to 11 knots during transits and varied between three to five knots during the seismic 
surveys. Seismic acquisition was conducted between 20 September to 09 October 2018 and 19 to 20 
October 2018 for the Main Hawaiian Islands survey, and between 5 May to 23 May 2019 for the Emperor 
Seamount survey.  
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Figure 1. Location and survey lines of the Main Hawaiian Islands Marine Geophysical Survey. 
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Figure 2: Location and survey lines of the Emperor Seamount Chain Marine Geophysical Survey. 
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2.1.1. Energy Source and Receiving Systems 

The energy source utilized during the surveys consisted of four towed acoustic source sub-arrays, each 
with ten source elements (for a total of 40 source elements), deployed astern of the vessel. During survey 
production operations, a maximum of 36 elements were active at any time, with the additional elements 
considered spares in the event that one of the main elements could not be utilized. The source elements 
were towed at a depth of 12 meters for both surveys. For the Main Hawaiian Islands Survey, the center of 
the source was situated 220 meters from the Navigational Reference Point (NRP), which was located on 
the PSO observation tower. This location positioned the first elements on the arrays approximately 183 
meters from the stern of the vessel. For the Emperor Seamount Chain Survey, the center of the source 
was situated 230 meters from the NRP, which positioned the first elements on the arrays approximately 
193 meters from the stern of the vessel.  

The source array utilized a mixture of Bolt 1500LL and Bolt 1900LLX elements ranging in size from 40 to 
360 cubic inches (in3), with an operating pressure of 1,950 pounds per square inch. The dominant 
frequency components ranged from two to 188 Hertz (Hz) and nominal source levels ranged from 259 to 
265 dB re: 1 ɛPa (peak-to-peak). The total volume of the seismic source array with all main 36 source 
elements active was 6600 in3. During times when acoustic source arrays were brought on board for 
maintenance or repair, the total source volume was reduced from 6600 in3 to varying lower volumes 
depended on how many of the elements and arrays were disabled. The overall source volume would also 
be reduced if a main element was switched with a spare element of a smaller volume. 
 
The shot point interval for the Main Hawaiian Islands Survey was 50 meters for the MCS lines and 390 
meters for the OBS survey lines. The shot point interval for the Emperor Seamount Chain Survey was 
62.5 meters for the MCS lines and 300 meters for the OBS survey lines. During acquisition the source 
elements would emit a brief (approximately 0.1 second) pulse of sound. During the intervening periods of 
operations, the source elements would be silent.  

The receiving system for the survey program consisted of a hydrophone streamer and OBSs. For the 
Main Hawaiian Islands Survey, a single streamer of 15 kilometers in length was utilized for all survey lines 
except the final MCS survey line, for which only a six kilometer streamer was utilized. For the Emperor 
Seamount Chain Survey, a 15 kilometer streamer was used for all MCS acquisition operations. As the 
acoustic source array was towed along the track lines, the hydrophone streamer received the returning 
acoustic signals and transferred the data to the on-board processing system. The long streamer allowed 
for accurate measurements of seismic velocities and provided a large amount of data redundancy for 
enhancing seismic images during data processing.  

The OBSs for the first Main Hawaiian Islands Survey consisted of 70 OBSs from the US Ocean Bottom 
Seismograph Instrument Pool (OBSIP), which included OBSs from Scripps Institution of Oceanography 
(SIO) and Woods Hole Oceanographic Institute (WHOI). The OBSs for the second Emperor Seamount 
Chain survey consisted of 32 OBSs, which included seven from the OBSIP and 25 from GEOMAR. The 
SIO OBSs had a height of approximately one meter and a maximum diameter of approximately one meter 
and utilized a 36 kilogram iron grate anchor with dimensions of 7x91x91.5 centimeters. The WHOI OBSs 
had a height of approximately one meter and a maximum diameter of 50 centimeters and utilized a 23 
kilogram hot-rolled steel anchor with dimensions of 2.5x30.5x38.1 centimeters. The GEOMAR OBSs were 
165 centimeters long, 130 centimeters wide, and 72 centimeters high. They had a titanium frame that 
weighed approximately 335 kilograms and utilized a steel anchor. To retrieve the OBSs from the sea 
floor, an acoustic release transponder transmits a signal to the instrument at a frequency of eight to 11 
kilohertz, and a response is received at the frequency of 11.5 to 13 kilohertz to activate and release the 
instrument. The transponder will trigger the burn-wire assembly that releases the instrument from the 
anchor on the sea floor, and the device floats to the surface where it can be retrieved by the vessel. The 
anchor for the OBS is scuttled and left on the sea floor. The OBSs receive and store the returning 
acoustic signals internally for later analysis.  

Additional sound sources included a Kongsberg EM 122 multi-beam echosounder (MBES), Knudsen 
Chirp 3260 sub-bottom profiler (SBP), and a Teledyne RDI 75 kHz Ocean Surveyor acoustic Doppler 
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current profiler (ADCP). The hull-mounted MBES operated at frequencies between 10.5 and 13 (usually 
12) kilohertz. Each ping consists of eight (in water greater than 1,000 meters) or four (in water less than 
1,000 meters) successive fan-shaped transmissions. The transmitting beam width is one or two degrees 
fore-aft and 150 degrees perpendicular to the shipôs line of travel. The maximum source level is 242 dB 
re: 1 ɛPa (root mean square [rms]). The hull-mounted SBP beam is transmitted as a 27 degree cone, 
which is directed downward by a 3.5 kilohertz transducer. The nominal power output is 10 kilowatts; 
however, the actual maximum radiated power is three kilowatts or 222 dB re: 1 ɛPa m (rms). The ping 
duration is 64 seconds and the interval is one second. The hull-mounted ADCP operates at a frequency 
of 75 kilohertz and a maximum source level of 224 dB re: 1 ɛPa m (rms) over a conically-shaped 30 
degree beam. The MBES and SBP operated simultaneously to provide information about near sea floor 
sedimentary features and to map the topography of the ocean floor. The ADCP was used to measure 
water current velocities. The Langseth also towed a Geometrics G822 Cesium magnetometer 
approximately 113 meters off the starboard stern of the vessel, which was also utilized in the process of 
mapping the sea floor.  
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3. MITIGATION AND MONITORING METHODS 

The PSO monitoring program on the R/V Langseth was established to meet the standards set forth in the 
PEIS, NSF EA, IHA and ITS requirements. Survey mitigation measures were designed to minimize 
potential impacts of the Langsethôs seismic activities on marine mammals, sea turtles, and other 
protected species of interest. The following monitoring protocols were implemented to meet these 
objectives.  

 
¶ Visual observations were conducted to provide real-time sighting data, allowing for the 

implementation of mitigation procedures as necessary. 

¶ A Passive Acoustic Monitoring system was operated continuously day and night to augment 
visual observations and provide additional marine mammal detection data.  

¶ Effects of marine mammals and sea turtles exposed to sound levels constituting a take were 
observed and documented. The nature of the probable consequences was discussed when 
possible. 

 
In addition to the mitigation objectives outlined in the PEIS, EA, USFS LOC, IHA and ITS, PSOs collected 
and analyzed necessary data mandated by the IHA (see Appendix A).  
 

3.1. MITIGATION METHODOLOGY 

Mitigation actions were implemented for visual and acoustic detections of protected species, including 
marine mammals, sea turtles, and protected sea birds, as outlined in the IHA, ITS, BO and USFWS LOC. 
These actions included the establishment of a 1,000 meter buffer zone (BZ), 500 meter and 100 meter 
exclusion zones (EZ), and the implementation of delayed operations, power-downs (during which the 
source volume was reduced to a single active 40 in3 element), and shut-downs (during which the source 
was fully silenced) for protected species detected approaching, entering, or within the designated EZ.  
 
Before the acoustic source could be activated after a period of silence, during daylight hours or during 
hours of darkness, two PSOs and one PAM operator conducted a 30 minute clearance survey of the 
buffer and exclusion zones. In the event of a detection of protected species, a delay of source operations 
would be implemented if: (1) a marine mammal was detected approaching, entering, or within the 1,000 
meter BZ; (2) if a protected seabird was detected foraging or diving within the 500 meter EZ; or (3) if a 
sea turtle was detected approaching, entering or within the 100 meter EZ. Source operations would not 
be cleared to begin until the protected species were observed exiting their designated zones. If the 
animals were not observed leaving their designated zones (i.e. if they dove within the zone and were not 
re-sighted), operations would not be cleared to begin until a specific time following the final detection of 
the animals. For detections of small odontocetes, pinnipeds, sea turtles, or sea birds, this time was 15 
minutes following last sighting. For detections of mysticetes, large odontocetes, and false killer whales, 
this time was 30 minutes following last sighting.  
 
Once the acoustic source was active, the 1,000 meter buffer zone from any element on the acoustic 
source arrays was established as an area in which the presence of a protected species would initiate an 
alert to the seismic operators that the animal was detected and that the implementation of a mitigation 
action may soon be required. PSOs and the PAM operator would keep in frequent contact with each other 
and the seismic team, relaying information on the location and movement of the animal(s), and the 
implementation of any needed mitigation actions.  
 
The 500 meter exclusion zone from any element on the acoustic source array was established as the 
area in which the presence of a marine mammal (with the exception of several delphinid species) 
observed approaching, entering, or within the zone would initiate a shut-down of the acoustic source. A 
shut-down was also required for an acoustic only (without visual sighting) detection of marine mammals 
(other than delphinids) that were confirmed to be within the 500 meter EZ. The 100 meter EZ from any 
element on the source array was established as the area in which the presence of a sea turtle observed 
approaching, entering, or within the zone would initiate a shut-down of the source. The 500 meter and 
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100 meter EZ were also utilized for protected sea birds. If a protected sea bird was visibly observed 
foraging or diving within these EZs, the acoustic source would be powered-down (500 meter EZ) or shut-
down (100 meter EZ). 
 
The shut-down requirement was waived for small dolphins of the genera Tursiops, Delphinus, 
Lagenodelphis, Lagenorhynchus, Lissodelphis, Stenella, and Steno. If PSOs could positively identify the 
dolphins sighted as one of these species, the acoustic source would be powered-down instead of shut-
down if they were observed approaching, entering, or within the 500 meter exclusion zone. However, if 
there was any doubt on the species identification, the source would instead be shut-down. If the acoustic 
source was powered-down due to the presence of one of the dolphin species for which the shut-down 
requirement was waived, the EZ was reduced to 100 meters around the single active element. If any 
other protected species were then observed approaching, entering or within the smaller 100 meter EZ, 
the acoustic source would then be shut-down. Visual PSOs could also elect to waive the power-down 
requirement for these specific dolphins if the individuals appeared to be voluntarily approaching the 
vessel for the purpose of interacting with the vessel or towed gear. However, if the PSOs observed the 
delphinids exhibiting any adverse reactions, then a power-down was required.  
 
Once the acoustic source had been powered-down for a detection of delphinids for which the shut-down 
requirement was waived, the source had to remain powered-down until the dolphins were no longer 
observed within the 500 meter EZ or the 30 minute time limit on power-downs had been reached. If the 
dolphins were no longer visually observed within the 500-meter EZ less than 30 minutes after the power-
down was initiated, source operations could be resumed at the previous operating volume without a 
ramp-up. However, if the dolphins were still observed within the 500 meter EZ 30 minutes after the power-
down was initiated, the source would then be shut-down. Once shut-down for a protected species 
mitigation action, the acoustic source would remain silent until the animal(s) were confirmed exiting their 
designated EZs, or until a specific time had passed following the last detection. As with delayed 
operations, this time was 15 minutes for small odontocetes, pinnipeds, sea turtles and seabirds, and 30 
minutes for mysticetes, large odontocetes, and false killer whales. A ramp-up of the acoustic source was 
required after the implementation of a shut-down for protected species in order for full volume operations 
to resume.  
 
The IHA and ITS also outlined three extra mitigation actions required for specific detections of marine 
mammals: (1) a shut-down was required when a large whale with a calf or an aggregation of large whales 
(six individuals or more) were observed at any distance from the vessel; (2) within waters of 2,500 meters 
or less near the Kohala Peninsula and west coast of Hawaii Island, a shut-down was required for 
detections of melon-headed whales at any distance from the vessel; and (3) if the authorized takes for 
spinner or bottlenose dolphins was met, a shut-down was then required when any individual or group of 
this species was observed approaching or within the Level B harassment zone (6.7 kilometers) within the 
1,000 meter isobaths of Oahu and Hawaii Islands. Upon the implementation of a shut-down for one of 
these extra mitigation requirements, the source would not be cleared for ramp-up until the animal(s) were 
observed exiting the applicable EZ or following a clearance period of 15 minutes from the last sighting for 
dolphins or a period of 30 minutes from the last sighting for large whales.  
 
Table 1 describes the predicted 160 decibel radius (Level B harassment zone for marine mammals), the 
predicted 175 decibel radius (Level B harassment zone for sea turtles), and the predicted 195 decibel 
radius (Level A harassment zone for sea turtles).  

Table 2 describes the predicted Level A harassment zones for each marine mammal hearing group per 

the NMFS new guidelines, and the species that could occur in the survey areas assigned to each group.  
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Table 1: Predicted 160/175/195 Decibel Zones* implemented during the seismic survey program. 

Source 
Volume 

(in3) 
Water 

Depth (m) 

160 dB radius ï 
Level B harassment 

zone for marine 
mammals 

175 dB radius ï 
Level B 

harassment zone 
for sea turtles 

195 dB radius ï 
Level A harassment 
zone for sea turtles 

1 element 40 100 to 1,000 647 116 11 

1 element 40 > 1,000 431 77 8 

36 elements 6600 100 to 1,000 10,100 2,796 272 

36 elements 6600 > 1,000 6,733 1,864 181 

*Distances are from any single element on the array 

 
Table 2: Predicted Level A Harassment Zones* for each marine mammal hearing group 

implemented during the seismic survey program. 

Source 
Volume 

(in3) 
Low Frequency 
Cetaceans (m) 

Mid Frequency 
Cetaceans (m) 

High Frequency 
Cetaceans (m) 

Phocid 
Pinnipeds 

(m) 

Otariid 
Pinnipeds 

(m) 

1 element 40 1.76 0 12.5 1.98 0 

36 elements 6600 320.2 13.6 268.3 43.7 10.6 

Species anticipated 
that could occur in the 
survey area: 
 
 
 
 
 
 
 
 
*Distances are from 
any single element on 
the acoustic source 
arrays 

¶ Humpback 

Whale 

¶ Minke whale 

¶ Brydeôs Whale 

¶ Sei Whale 

¶ Fin Whale 

¶ Blue whale 

¶ Gray Whale 

¶ North Pacific 

Right Whale 

¶ Sperm Whale 

¶ Cuvierôs Beaked Whale 

¶ Blainvilleôs Beaked Whale 

¶ Ginko-toothed Beaked 

Whale 

¶ Deraniygalaôs Beaked 

Whale 

¶ Hubbs Beaked Whale 

¶ Longmans Beaked Whale 

¶ Stenjegerôs Beaked 

Whale 

¶ Rough-toothed Dolphin 

¶ Bottlenose Dolphin 

¶ Short-beaked Common 

Dolphin 

¶ Pantropical Spotted 

Dolphin 

¶ Pacific White-sided 

Dolphin 

¶ Northern Right-whale 

Dolphin 

¶ Spinner Dolphin 

¶ Striped Dolphin 

¶ Fraserôs Dolphin 

¶ Rissoôs Dolphin 

¶ Melon-headed Whale 

¶ Killer Whale 

¶ Pygmy Killer Whale 

¶ False Killer Whale 

¶ Short-finned Pilot Whale 

¶ Pygmy Sperm 
Whale 

¶ Dwarf Sperm 
Whale 

¶ Dallôs Porpoise 

¶ Hawaiian 

Monk Seal 

¶ Northern 

Fur Seal 

¶ Northern 

Elephant 

Seal 

¶ Ribbon 

Seal 
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3.2. VISUAL MONITORING SURVEY METHODOLOGY 

There were five trained and experienced PSOs on board the Langseth for each survey during the 
program to conduct monitoring for protected species, record and report detections, and request mitigation 
actions in accordance with the PEIS, EA, IHA and ITS.  The PSOs on board were NMFS approved and 
held certifications from a recognized Bureau of Ocean Energy Management (BOEM) course, and/or an 
approved Joint Nature Conservation Committee (JNCC) course. Visual monitoring was primarily carried 
out from an observation tower (Figure 3) located 18.9 meters above the surface of the water, which 
allowed a 360 degree viewpoint around the vessel and acoustic source.  

 
Figure 3. Protected Species Observer observation tower with mounted big-eye binoculars, as seen 

from the stern of the vessel. 

 
The PSO tower was equipped with Fujinon 7x50 and Steiner Marine 7x50 binoculars, as well as two 
mounted 25x150 Big-eye binoculars, and a D-300-2MS Night Optics USA, Inc. monocular (for visual 
clearance and monitoring of night time ramp-ups). In addition, a Butler Creek PVS-7 night vision binocular 
was secured in the bridge and could be requested for use by the PSOs when needed. Inside the tarpaulin 
tent located in the middle of the platform was a laptop for data collection, and a telephone for 
communication with the PAM station, bridge, and main lab. Also inside the tent was a monitor that 
displayed current information about the vessel (e.g. position, speed, heading, etc.), sea conditions (e.g. 
water depth, sea temperature, etc.), weather (e.g. wind speed and direction, air temperature, etc.), and 
source activity (e.g. survey line number, total number of active elements, volume, etc.). Environmental 
conditions along with vessel and acoustic source activity were recorded at least once an hour, or every 
time there was a change of one or more of the variables. Most observations were held from the tower; 
however, during severe weather or when the ships exhaust was blowing on the tower, observations would 
be conducted from the bridge (approximately 12.8 meters above sea level) or the catwalk (approximately 
12.3 meters above sea level) around the bridge. 
 
Visual monitoring methods were implemented in accordance with the survey requirements outlined in the 
IHA and ITS. Two PSOs visually monitored for protected species at all times during daylight hours 
throughout each survey, regardless of acoustic source activity. Visual monitoring during periods of 
acoustic source silence were conducted to gather baseline data on the presence and abundance of 
protected species in the areas. When the acoustic source was activated from silence at dawn or dusk, 
two PSOs would begin or end visual monitoring earlier or later to ensure that the entire 30 minute pre-
clearance and ramp-up were monitored. When the acoustic source was activated from silence during 
hours of darkness, two PSOs would be woken up to visually monitor the 30 minute pre-clearance and 
ramp-up until the source reached full volume. Visual monitoring during dawn, dusk and night hours was 
conducted using the two night-vision monocular/binoculars.   
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Monitoring was conducted each day from 30 minutes before sunrise until 30 minutes after sunset as 
required by the IHA and ITS. For the Main Hawaiian Islands survey, observation times ranged between 
approximately 15:40 to 05:15 Coordinated Universal Time (UTC) (approximately 05:50 to 19:15 local 
time). For the Emperor Seamount Chain survey, observation times ranged between approximately 16:30 
to 08:50 UTC (approximately 06:30 to 22:50 local time). A visual monitoring schedule was established by 
the PSOs where each person completed visual watches of varying lengths throughout the day. Scheduled 
watches of the maximum four hours in duration were followed by at least one hour of required break time.  
 
Visual observations were conducted around the entire area of the vessel and acoustic source, with each 
PSO on watch focused on a specific half of the area. The smaller monitoring area for each observer 
increased the probability of protected species being sighted.  PSOs searched for blows, fins, splashes or 
disturbances of the sea surface, large flocks of feeding sea birds, and other sighting cues indicating the 
possible presence of a protected species. Upon the visual detection of a protected species, PSOs would 
first identify the animalsô range to the vessel and acoustic source. Range estimations were made using 
reticle binoculars, the naked eye, and by relating the animal(s) to an object at a known distance, such as 
the acoustic source arrays and streamer head floats. PSOs would also identify the animalsô species, if 
possible upon initial detection, to ensure that the proper mitigation measures were implemented, should 
any be required.  
 
PSOs recorded the following information for each protected species detection: 

I. Date, time of first and last sighting, observers on duty during the detection, location of the 
observers, vessel information (e.g. position, speed, heading), water depth, acoustic source 
activity (e.g. volume and number of active elements), and environmental conditions (e.g. Beaufort 
sea state, wind force, swell height, visibility and glare).  

II. Species, detection cue, group size (including number of adults and juveniles), visual description 
(e.g. overall size, shape of the head, position and shape of the dorsal fin, shape of the flukes, 
height and direction of the blow), observed behaviors (e.g. porpoising, logging, diving, etc.), and 
the initial and final pace, heading, bearing, and direction of travel in relation to both the vessel 
and the source (e.g. towards, away, parallel, perpendicular, etc.).  

III. Initial and final distance to the vessel and the source, time and distance of the closest distance to 
the source, time when entering and exiting the exclusion zones, type of mitigation action 
implemented, total time of the mitigation action and any production loss, description of other 
vessels in the area, and any avoidance maneuvers conducted.  
 

During or immediately after each sighting event, the PSOs recorded the detection details per the 
requirements of the IHA and ITS in a provided detection datasheet. Each sighting event was linked to an 
entry on an effort datasheet where specific environmental conditions and vessel activity were logged.  
 
Species identifications were made whenever the distance of the animal(s), length of the sighting, and 
visual observation conditions allowed. Whenever possible during detections, photographs were taken with 
two provided Canon EOS 70D/80D cameras that had a 300 millimeter telephoto lens. Marine mammal 
identification manuals were consulted, and photos were examined during observation breaks to confirm 
identifications. 
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3.3. PASSIVE ACOUSTIC MONITORING SURVEY METHODOLOGY 

Passive Acoustic Monitoring (PAM) was used to augment visual monitoring efforts in the detection, 
identification, and location of marine mammals. PAM was particularly beneficial during periods of 
darkness or low visibility when visual monitoring was not as effective. Acoustic monitoring was conducted 
continuously during all seismic operations and to the maximum extent possible during periods of acoustic 
source silence. When the acoustic source was activated from any period of silence, acoustic monitoring 
was conducted for at least 30 minutes prior to the activation of the source along with visual monitoring for 
the pre-survey clearance.  

In accordance with the IHA and ITS, in the event of an issue with any of the PAM equipment, acoustic 
source activity could continue for 30 minutes without acoustic monitoring while the PAM operator 
diagnosed the issue. If the diagnosis indicated that the PAM system needed maintenance, operations 
could continue for an additional five hours without acoustic monitoring provided that: (1) no marine 
mammals (excluding delphinids) were detected solely by PAM within the EZs in the previous two hours, 
(2) operations without acoustic monitoring did not exceed a total of five hours in any 24 hour period, and 
(3) NMFS was notified as soon as practicable of the time and location operations without PAM began.  

Five Protected Species Observers (PSOs) were on board to provide monitoring for protected species 
during the survey program. One PSO trained and experienced with the PAM system was designated as 
the Lead PAM Operator and oversaw all PAM operations during each survey. Other PSOs trained in the 
use of the PAM system also conducted acoustic monitoring to ensure continuous PAM operations. PAM 
shifts were no longer than four hours in duration followed by at least a one hour break.  

The PAM system was located in the main science lab to provide space for the system, allow for quick 
communication with the visual PSOs and seismic technicians, and provide access to the vesselôs 
instrumentation screens. Information about the vessel (e.g. position, heading, and speed), water depth, 
source activity (e.g. line number, total volume, number of active elements), and the PAM system (e.g. 
cable deployments/retrievals, changes to the system, background noise score) were recorded at least 
once an hour, or whenever any of the parameters changed.  

Acoustic monitoring for marine mammals was conducted aurally, utilizing Sennheiser headphones, and 
visually with the Pamguard software program.  Low to mid-frequency delphinid whistles, clicks, and burst 
pulses, as well as sperm whale clicks and baleen whale vocalizations, could be visualized in Pamguardôs 
spectrogram modules. Sperm whale, beaked whale, Kogia species, and delphinid clicks could also be 
visualized in low and high frequency click detector modules. Settings adjustments to amplitude range, 
amplitude triggers, and spectral content filters, among others, could be made in Pamguardôs spectrogram 
and click detector modules to maximize the distinction between cetacean vocalizations and ambient 
signal. The map module within Pamguard could be utilized to attempt localizing the position and range of 
vocalizing marine mammals. Sound recordings could be made using the high and low frequency sound 
recording modules when potential marine mammal vocalizations were detected, or when the operator 
noted unknown or unusual sound sources. 

PAM operators recorded the following information during acoustic detections of protected species: 

I. Date, time of first and last detection, operator on duty, if the detection was linked to a visual 
sighting, vessel information (e.g. position, speed, heading), water depth, and acoustic source 
activity (e.g. volume and number of active elements). 

II. Species (if determinable), group size, methods/modules on which vocalizations were detected 
during the event, and vocalization characteristics (e.g. signal type, frequency and amplitude 
range, inter-click interval, patterns, etc.) 

III. Determinable bearings (to the hydrophones, vessel and source), estimated and/or attempted 
localizations and any ranges determined, type and time of any implemented mitigation actions 
and any resulting production loss.  
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3.3.1. Passive Acoustic Monitoring Parameters 

A passive acoustic monitoring (PAM) system designed to detect most species of marine mammals was 
installed on board the Langseth. The system was developed by Seiche Measurements Limited and 
consisted of the following main components: a 250 meter hydrophone cable (configured as a separate 
230 meter steel-reinforced tow cable and detachable 20 meter hydrophone array); a 100 meter deck 
cable; a rack-mounted electronic processing unit (EPU) that incorporated a buffer unit, a RME Fireface 
800 unit, and a computer; two desktop monitors; acoustic analysis software package; and headphones for 
aural monitoring. On this project, the PAM operators used two pre-installed, wall-mounted computer 
monitors supplied by the Langseth. A spare hydrophone cable, deck cable, rack-mounted DPU and 
computer, monitors, and headphones were also present on board in the event the main system 
components became damaged or inoperable. The diagram in Figure 4 is a simplified depiction of the 
PAM system installed on the Langseth, and further PAM system specifications can be found in Appendix 
C. 

 

Figure 4: Simplified pathway of data through the PAM system on board the Langseth. 

The hydrophone cable contained four hydrophone elements and a depth gauge molded into a 20m 
section of the cable. The four-element linear hydrophone array allowed the system to sample a large 
range of marine mammal vocalization frequencies. The first two hydrophones (H0 and H1) were 
broadband elements, with a frequency response of 200 hertz to 200 kilohertz. The third and fourth 
hydrophones (H2 and H3) were standard elements, with a frequency response of two kilohertz to 200 
kilohertz. 

The deck cable interfaced between the hydrophone cable installed on a winch in the main back deck of 
the vessel and the electronics processing unit (EPU) located in the main science lab. The rack-mounted 
EPU was set up with the two pre-installed, wall-mounted monitors, a keyboard, a mouse and 
headphones. The EPU contained a buffer unit with Universal Serial Base (USB) output, an RME Fireface 
800 ADC unit with firewire output, and a rack-mounted computer. A Global Positioning System (GPS) 
feed of GNGGA strings was supplied from the shipôs Seapath navigation system and routed to the 
computer, reading data every 20 seconds. Data from the hydrophone cableôs depth transducer was 
routed through the buffer unit to the computer, via USB connection. Pamguard Beta versions 1.15.11 and 
1.15.13 were the software versions utilized for the surveys.  






































































































